The 72 kDa inositol polyphosphate 5-phosphatase E (72k-5ptase) controls signal transduction through the catalytic dephosphorylation of the 5-position of membrane-bound phosphoinositides. The reduction of 72k-5ptase expression in the hypothalamus results in improved hypothalamic insulin signal transduction and reduction of food intake and body mass. Here, we evaluated the tissue distribution and the impact of obesity on the expression of 72k-5ptase in peripheral tissues of experimental animals. In addition, insulin signal transduction and action were determined in an animal model of obesity and insulin resistance treated with an antisense (AS) oligonucleotide that reduces 72k-5ptase expression. In lean Wistar rats, 72k-5ptase mRNA and protein are found in highest levels in heart, skeletal muscle, and white adipose tissue. In three distinct models of obesity, Wistar rats, Swiss mice fed on high-fat diet, and leptin-deficient ob/ob mice, the expression of 72k-5ptase is increased in skeletal muscle and adipose tissue. The treatment of obese Wistar rats with an anti-72k-5ptase AS oligonucleotide results in significant reduction of 72k-5ptase catalytic activity, which is accompanied by reduced food intake and body mass and improved insulin signal transduction and action as determined by immunoblotting and clamp studies respectively. 72k-5ptase expression is increased in obesity and its AS inhibition resulted in a significant improvement in insulin signal transduction and restoration of glucose homeostasis.
Introduction
Membrane-bound phosphoinositides are molecules engaged in the transduction of signals delivered by a number of growth factors and hormones, which play a role in the control of cell growth, apoptosis, metabolism, cytoskeletal organization, and vesicular trafficking (Kutateladze 2010) . The canonical phosphoinositide signaling cascade is activated by the phosphatidylinositol 3-kinase (PI3K)-catalyzed transient phosphorylation of phosphatidylinositol 4,5-P2 (PIP2) at the 3 0 position, producing phosphatidylinositol 3,4,5-P3 (PIP3; Engelman et al. 2006) . Due to its pleiotropic actions, the PIP3 signals are tightly controlled by either the 3-phosphoinositol phosphatase (3ptase) PTEN or a member of a group of at least ten distinct 5ptases (Blanco-Aparicio et al. 2007 , Ooms et al. 2009 ). The hydrolytic removal of a phosphate group from the position-3 of PIP3 by PTEN has a significant impact on growth signals, which account for the tumor-suppressing effects of PTEN (Yin & Shen 2008) . In addition, PTEN also controls metabolic signals generated by insulin and leptin (Plum et al. 2006) .
The removal of the phosphate group from position-5 of PIP3 is mostly involved in the control of calcium signaling, vesicular trafficking, and cytoskeletal organization (Ooms et al. 2009 ). Metabolic outcomes of this reaction were initially expected to be scarce as the activation of Akt can still take place through 3,4-P2 (PIP2) (Manning & Cantley 2007) . However, some recent studies have shown that modulation of 5ptase activity can produce important changes in insulin and leptin signal transduction, particularly mediated by the actions of SHIP2, SKIP, and 72 kDa inositol polyphosphate 5-phosphatase E (72k-5ptase; Ijuin et al. 2000 , Clement et al. 2001 , Sleeman et al. 2005 , Bertelli et al. 2006 , Kong et al. 2006 .
Here, we evaluated the expression and outcomes of inhibiting 72k-5ptase in animal models of obesity and type 2 diabetes. As a rule, 72k-5ptase expression was increased in obese, insulin-resistant animals and the inhibition of its expression resulted in a significant improvement in insulin signal transduction and restoration of glucose homeostasis.
Materials and methods

Experimental animals
All animals used in the study were obtained from the University of Campinas Breeding Center. Most experiments were performed with 8-to 16-week, male, Wistar rats. In some experiments, we employed 16-week, male, leptin-deficient ob/ob mice and their respective Ob/? controls. Sixteen-week, male, Swiss mice were also used. Wistar rats and Swiss mice were randomly selected for feeding on either regular rodent chow or a high-fat (HF) diet (containing 36% fat) for 8 weeks (composition of diet is described elsewhere (Cintra et al. 2012) ). In some experiments, Wistar rats on HF diet were pair-fed with rats treated with the antisense (AS) oligonucleotide against 72k-5ptase (which reduces caloric intake). For that, mean caloric intake per gram of body mass was calculated for AS treated rats and a similar amount of diet was offered to the control rats. All experiments were approved by the University of Campinas Ethics Committee.
Anesthesia and pain relief
In all invasive experiments, mice and rats were anesthetized with a mixture of ketamine/xylazine (100/10 and 50/10 mg/kg for mice and rats respectively) injected via i.p. Pain relief was obtained by i.p. acetaminophen (100 and 50 mg/kg, for mice and rats respectively).
AS oligonucleotide against 72k-5ptase
The AS oligonucleotide against 72k-5ptase was developed and employed in a previous work (Bertelli et al. 2006) . Briefly, it consists of a phosphorothioate-modified 17-base sequence (5 0 -AGC TGT CCC TGG AGC AT-3 0 ) produced by Invitrogen-Life Technologies. A sense (S) control was also used in the study (5 0 -ATG CTC CAG GGA CAG CT-3 0 ).
Wistar rats were treated for 3 days (once a day, i.p.) with a S or an AS oligonucleotide (200 ml containing 4 nmol).
No adverse effects were observed with the use of either AS or S oligonucleotides.
Antibodies, chemicals, and buffers
Antibodies against the insulin receptor (IR; rabbit polyclonal, sc-711), IR substrate-1 (IRS1; rabbit polyclonal, sc-559), ERK1 (ERK; rabbit polyclonal, sc-94), tyrosine-204 phosphorylated ERK (pERK; mouse monoclonal, sc-7383), Akt1/2/3 (Akt; rabbit polyclonal, sc-8312), serine-473 phosphorylated Akt (pAkt; rabbit polyclonal, sc-7985R), phosphotyrosine (pTyr; mouse monoclonal, sc-508), p85 subunit of PI3K (p85; mouse monoclonal, sc-71896), p110 subunit of PI3K (p110; goat polyclonal, sc-1331), and FOXO1 (rabbit polyclonal, sc-11350) were purchased from Santa Cruz Biotechnology. Antibodies against 72k-5ptase (rabbit polyclonal, IPVS-1007) and IRS2 (rabbit polyclonal, IPVS-1002) were from Imuny (Campinas, Brazil). The anti-beta actin (b-actin; rabbit polyclonal, ab8227) antibody was from Abcam (Cambridge, MA, USA). The antibody against serine-256 phosphorylated FOXO1 (pFOXO1; rabbit polyclonal, #9461S) was purchased from Cell Signaling (Danvers, MA, USA). All the reagents for SDS-PAGE and immunoblotting were from Bio-Rad. HEPES, BSA (fraction V), phenylmethylsulphonyl fluoride (PMSF), aprotinin, dithiothreitol, Triton X-100, Tween 20, glycerol, collagenase, and 2-hydroxypropyl-cyclodextrin (HBP, #01816LD) were purchased from Sigma-Aldrich. Sodium thiopental, ketamine, and diazepam were from Cristalia (Itapira, Brazil). All the chemicals and primers used in the real-time PCR experiments were purchased from Applied Biosystems and from Invitrogen-Life Technologies.
Intraperitoneal glucose tolerance test
The rats were submitted to an overnight fast before the test. A solution of 20% glucose (2.0 g/kg body mass) was administered into the peritoneal cavity. Blood from the tail was collected before the glucose challenge (time 0), and after 5, 15, 30, 60, 90, and 120 min, for the determination of glucose and insulin concentrations.
RNA preparation and real-time PCR
Total RNA was extracted according to the manufacturer's recommendations using Trizol reagent (Life Technologies). Real-time PCR was performed as described previously (Coope et al. 2012) . The primers used for the amplification of 72k-5ptase were as follows: S, 5 0 -CGA GGT TCT GGG TCT TCT G-3 0 and AS, 5 0 -ATT GGG GTG CTG ACT TTG A-3 0 , obtained from Applied Biosystems.
Glyceraldehyde-3-phosphate dehydrogenase (GAPDH, #4352338E) (Applied Biosystems) was used as control. Gene expression analysis was performed in an ABI Prism 7500 sequence detection system (Applied Biosystems).
Tissue extraction, immunoprecipitation, and immunoblotting
After specific treatments, the rats and/or mice were anesthetized and tissue samples were obtained and homogenized in a freshly prepared solubilization buffer (1% Triton X-100, 100 mM Tris, pH 7.4, 100 mM sodium pyrophosphate, 100 mM sodium fluoride, 10 mM EDTA, 10 mM sodium vanadate, 2 mM PMSF, and 0.01 mg aprotinin/ml] for evaluation of protein expression. The insoluble material was removed by centrifugation (10 000 g) for 30 min at 4 8C. The protein concentration of the supernatants was determined by the Bradford dye binding method. Aliquots of the supernatants containing 1.0 mg total protein were used for immunoprecipitation with specific antibodies against 72k-5ptase, -IR, -IRS1, or -IRS2 at 4 8C, overnight, followed by the addition of protein A-Sepharose 6 MB (Pharmacia) for 2 h and centrifuged at 10 000 g for 15 min at 4 8C. The pellets were washed three times in ice-cold buffer (0.5% Triton X-100, 100 mM Tris, pH 7.4, 10 mM EDTA, and 2 mM sodium vanadate), resuspended in Laemmli sample buffer, and boiled for 5 min, followed by SDS-PAGE transfer to nitrocellulose membranes. The nitrocellulose transfers 72k-5ptase Tissue expression and insulin-induced phosphorylation of 72k-5ptase. One hundred and fifty micrograms of total protein extracts, obtained from thymus (Ty), skeletal muscle (SM), liver (Li), white adipose tissue (WAT), spleen (Sp), cardiac muscle (He), lung (Lu), and kidney (Ki), from 8-week old male Wistar rats were separated by SDS-PAGE, transferred to nitrocellulose membranes and blotted with anti-72k-5ptase antibody. The specific bands are indicated by the arrow in the left-hand margin of the panel (A). Total RNA obtained from Ty, SM, Li, WAT, Sp, He, Lu, and Ki from 8-week old male Wistar rats were reverse transcribed into cDNA and employed in real-time PCRs to determine the transcript amount of the 72k-5ptase (B). In C, 8-week old male Wistar rats were anesthetized and acutely treated with a single i.v. dose of insulin (200 ml, 10 K6 M). Specimens of SM and WAT were obtained at different times after insulin injection, as depicted in the panels. Tyrosine phosphorylation of the insulin receptor (pIR), insulin receptor substrates 1 and 2 (pIRS1/pIRS2) and 72k-5ptase (p72k-5ptase), and the associations of IRS1/IRS2 with the p85 subunit of PI3K and 72k-5ptase with the p110 subunit of PI3K were evaluated by immunoprecipitation and/or immunoblotting. In all experiments, nZ5.
were probed with anti-phosphotyrosine, -72k-5ptase, -IR, -IRS-1, -IRS-2, -p85/PI3K, or -p110/PI3K. For direct immunoblot analysis, 0.05-0.2 mg protein from tissue extracts was separated by SDS-PAGE, transferred to nitrocellulose membranes, and blotted with anti-ERK, -pERK, -FOXO1, -pFOXO1, -Akt, -pAkt, -IRS1, -72k-5ptase, or -bactin. Specific bands were detected by chemiluminescence.
PI4,5-P2 5-phosphatase assay
For determination of the catalytic activity of 72k-5ptase, we used a previously described method (Bertelli et al. 2006) . In short, 72k-5ptase was immunoprecipitated from samples (2.0 mg total protein) of skeletal muscle and adipose tissue. Protein A-Sepharose pellets were resuspended in a 50 ml solution containing 20 mm Tris (pH 7.2), 150 mm NaCl, 200 mg/ml BSA, 3.0 mm MgCl 2 , 2.0 mm cetyltrimethylammonium bromide, and 250 mm [3H]PI4,5-P2 (3500 c.p.m./nmol). Reactions were performed for 30 min at 37 8C. Products were separated by TLC in chloroform/methanol/acetic acid/H 2 O (43:38:4:7). Lipids were visualized on TLC plates by iodine staining and compared with the migration of known standards PI, PI4-P1, and PI4,5-P2. Products of the reaction were excised from the TLC plate and quantified by liquid scintillation counting. Protein samples treated with no 72k-5ptase antibody, but only with protein A-Sepharose, were used as a control.
Hyperinsulinemic-euglycemic clamp
After a 12-h fast, the rats were anesthetized with sodium pentobarbital (50 mg/kg body weight) i.p. and catheters were placed into the left jugular vein and carotid artery. A prime continuous insulin infusion at a rate of 3.6 mU/kg body weight per minute was performed to increase the plasma insulin concentration to w800-900 pmol/l. Blood samples (20 ml) were collected at 5-min intervals for measurement of plasma glucose concentration and 10% glucose was infused at variable rates to maintain plasma glucose at fasting levels. All infusions were performed using Harvard infusion pumps.
Statistical analysis
Specific protein bands present in the blots were quantified by digital densitometry (UN-SCAN-IT Results 72k-5ptase is highly expressed in muscle (skeletal and cardiac) and white adipose tissue of rats
The expression of the enzyme 72k-5ptase was evaluated by immunoblot ( Fig. 1A ) and real-time PCR (Fig. 1B) in several tissues obtained from 8-week old male Wistar rats. As depicted in the figures, protein and mRNA expression of 72k-5ptase could be detected in most tissues evaluated. However, the highest levels of 72k-5ptase were detected in skeletal and cardiac muscle and in white adipose tissue.
Insulin induces the tyrosine phosphorylation of 72k-5ptase
Following an i.v. bolus injection of insulin, skeletal muscle and white adipose tissue samples were collected and employed in immunoprecipitation and immunoblotting experiments to evaluate the activation of signal transduction through the IR/IRS/PI3K pathway. As shown in Fig. 1C , insulin induced the tyrosine phosphorylation of 72k-5ptase, both in skeletal muscle and in adipose tissue, beginning at 10 min after insulin injection and returning to the steady-state dephosphorylated condition at 20 min. This time course was similar to the insulininduced activation of the proteins of the canonical signaling pathway, such as IR, IRS1, and IRS2. In addition, the insulin-induced tyrosine phosphorylation of 72k-5ptase was accompanied by its increased association with the p110 subunit of PI3K.
72k-5ptase expression is increased in obesity
The expression of 72k-5ptase was evaluated in skeletal muscle and adipose tissue of three distinct models of obesity, the leptin-deficient, obesity-and diabetes-prone ob/ob mouse, the obesity-and diabetes-prone Swiss mouse, and the obesity-prone, diabetes-protected Wistar rat. Samples were always collected from 16-week-old rats/mice. The ob/ob and Ob/? mice were fed on regular chow. Swiss mice and Wistar rats were fed for 8 weeks (beginning at 8 weeks of age) on either chow (CT) or HF diet. In ob/ob mice and either in Swiss or Wistar fed on HF diet, the expression of 72k-5ptase was increased by at least twofold ( Fig. 2A) , as compared with their respective lean controls. The body mass of the experimental models is depicted in Fig. 2B .
The expression and activity of 72k-5ptase can be reduced by an AS oligonucleotide
The short-term treatment of Wistar rats with an anti72k-5ptase AS oligonucleotide reduced skeletal muscle and adipose tissue expression of 72k-5ptase (Fig. 3A) and inhibited insulin-induced activation of the catalytic activity of the enzyme (Fig. 3B) .
Inhibition of 72k-5ptase expression reduces food intake and body mass
Daily treatment for 7 days with the anti-72k-5ptase AS oligonucleotide produced significant reductions in spontaneous daily food intake ( Fig. 4A ) and cumulative intake during the treatment period (Fig. 4B) . The decrease in food intake resulted in a reduction in body mass gain ( Fig. 4C and D) . Both the reduction in food intake and body mass gain were promptly restored after the interruption of the AS treatment ( Fig. 4A and C) .
The inhibition of 72k-5ptase expression partially corrects defective glucose-stimulated insulin secretion in obese rats
In Wistar rats, diet-induced obesity results in insulin resistance without affecting glucose homeostasis, due to the intrinsic capacity of the pancreatic islet to compensate for peripheral needs (Calegari et al. 2011) . Upon 72k-5ptase inhibition, no modification of the glucose curve during the glucose tolerance test was detected (Fig. 4E) . Nevertheless, insulin secretion was markedly Inhibition of 72k-5ptase with AS oligonucleotide. The expressions of 72k-5ptase, IRS1, ERK, Akt, and b-actin were evaluated by immunoblot in the skeletal muscle (SM) and white adipose tissue (WAT) of lean (CT) and obese (HF) Wistar rats (Wi) treated for 3 days (once a day, i.p.) with saline (200 ml) (Wi-CT, Wi-HF) or with a sense (S) or an AS oligonucleotide (200 ml containing 4 nmol) against 72k-5ptase (A). The activity of 72k-5ptase was evaluated in 72k-5ptase immunoprecipitates collected from the SM and WAT of obese (HF) Wistar rats treated for 3 days (once a day, i.p.) with a S or an AS oligonucleotide (200 ml containing 4 nmol) against 72k-5ptase (B). Rats were anesthetized and acutely treated with a single i.v. dose of insulin (200 ml, 10 K6 M). Specimens were obtained at different times after insulin injection, as depicted in the panels. Samples of total protein extracts not submitted to immunoprecipitation with anti-72k-5ptase (Nab) are used to normalize the activity of the enzyme. In all experiments, nZ5. In B, a represents P!0.05 vs Wi-HF-S at time 0 min. reduced during the test (Fig. 4F and G) , suggesting that the reduction in 72k-5ptase activity could contribute to improved insulin action. It is noteworthy that the reduction in insulin secretion was not due to the anorexigenic effect of the AS oligonucleotide approach, as pair-fed rats retained the defect of insulin secretion as observed in obese rats ( Fig. 4F and G) .
Correction of diet-induced insulin resistance by the inhibition of 72k-5ptase expression
The action of insulin was evaluated by the euglycemichyperinsulinemic clamp method. As shown in Fig. 5A , the inhibition of 72k-5ptase completely corrected dietinduced insulin resistance as measured by the glucose infusion rate during the clamp. This effect was accompanied by increased insulin-stimulated activation of Akt and FOXO1, but not of ERK, in both the skeletal muscle (Fig. 5B ) and the adipose tissue (Fig. 5C ) of obese rats.
Discussion
PI3K activation is one of the most important events in insulin signal transduction (Folli et al. 1993 , Engelman et al. 2006 , Taniguchi et al. 2006 . Following an insulin stimulus, the IRS proteins are tyrosine phosphorylated and interact with the p85 subunit of PI3K, leading to its activation and targeting to the plasma membrane (Folli et al. 1992 , Virkamaki et al. 1999 . The enzyme generates the membrane-bound lipid product, PIP3, which regulates the localization and activity of a number of proteins that are important for transducing the insulin signal (Engelman et al. 2006 , Taniguchi et al. 2006 , Kizelsztein et al. 2009 , Esposito et al. 2012 . PI3K plays a critical role in Glut4 translocation and glucose uptake. The pharmacological inhibition of the enzyme completely blocks the stimulation of glucose uptake by insulin (Martin et al. 1996) . In addition, while the expression of a dominantnegative form of PI3K can reduce glucose uptake and Glut4 translocation, the overexpression of a constitutively active form of the enzyme can mimic insulin action (Quon et al. 1995 , Ueki et al. 2002 . Due to its important role in a number of different cellular events, which can be activated not only by insulin but also by an array of hormones, growth factors, and cytokines, the PI3K signaling system is regarded as an attractive potential target for drug therapy of a number of diseases. While reducing its activity can be important for the control of cell-proliferative disorders (Courtney et al. 2010) , the stimulation of the PI3K signaling activity, either by increasing its catalytic activity, or by reducing the activity of the inositol phosphatases, may be beneficial in diabetes and obesity (Lazar & Saltiel 2006) .
A number of recent studies have evaluated the impact of targeting the 5ptases on energy and glucose homeostasis. The inhibition of at least three (SHIP2, SKIP, and 72k-5ptase) out of ten known 5ptases has shown 
Food intake, body mass, and glucose homeostasis during 72k-5ptase inhibition. Male Wistar rats fed on regular chow (CT) or a high-fat diet (HF) for 8 weeks were treated once a day with an i.p. injection of saline (200 ml) (Wi-CT, black), sense (Wi-HF-S, green), or AS (Wi-HF-AS, red) anti-72k-5ptase oligonucleotide for 7 days (depicted by the arrows in A and C). Daily food intake (A) and cumulative food intake between the first and last days of treatment (B) were recorded, as well as the daily body mass (C) and body mass variation (D) during the same periods. Serum glucose (E) and insulin (F) levels were determined during an intraperitoneal glucose tolerance test performed on the sixth day of treatment. In E and F, a group of Wistar rats fed on HF diet and pair-fed (Wi-HF-PF, blue) with the Wi-HF-AS group was included. The areas under the insulin curves were calculated (G). In all experiments, nZ5. promising results in the regulation of metabolic events (Ooms et al. 2009 ). SHIP2, which is expressed in cells of the hematopoietic system and a number of other tissues, such as the brain, skeletal muscle, heart, liver, and kidney, was the first to be identified as a potential therapeutic target in obesity and diabetes (Pesesse et al. 1997 , Muraille et al. 1999 . In distinct cultured cell types, the overexpression of SHIP2 reduces insulin signal transduction and glucose uptake . The knockout of the ship2 gene, which has been carried out by different groups, resulted in variable degrees of increased insulin sensitivity, which were, apparently, due to the distinct genetic approaches used to target the gene (Clement et al. 2001 , Bertelli et al. 2006 . Additional proof of the role of SHIP2 in insulin signaling was obtained by reducing the protein expression by an AS oligonucleotide (Bertelli et al. 2003) . SKIP, a 51 kDa protein expressed predominantly in the heart, skeletal muscle, and kidney, is apparently more involved in the hydrolysis of PIP2 than of PIP3 (Ijuin et al. 2000 , Ijuin & Takenawa 2003 . Nevertheless, its overexpression in an isolated cell system leads to reduced insulin-induced Akt activation and Glut4 translocation (Ijuin & Takenawa 2003) . Conversely, SKIP knockdown using AS oligonucleotides or siRNA results in increased insulin-induced Akt activation (Ijuin & Takenawa 2003) .
The 72k-5ptase, also known as INPP5E, is expressed in a number of tissues of humans and rodents (Kisseleva et al. 2000 , Kong et al. 2000 . It is a cytosolic protein with predominant perinuclear and Golgi localization that hydrolyses the 5-position phosphate from PIP2 and PIP3 (Kong et al. 2000) . The 72k-5ptase is reported to be the most potent of the 5ptases on the basis of kinetic analysis (Kisseleva et al. 2000 , Kong et al. 2000 . The overexpression of 72k-5ptase in cultured adipocytes results in the increased translocation of Glut4 to the cell membrane (Kong et al. 2006) . However, as this result is based on ectopic expression of the 5ptase, it does not provide absolute evidence that 72k-5ptase plays a physiological role in the regulation of Glut4 translocation in vivo (Kong et al. 2006) . In a living organism, we were able to knockdown the expression of the 72k-5ptase in the hypothalamus, which resulted in increased hypothalamic responsiveness to insulin, reduced food intake, and reduced body mass (Bertelli et al. 2006) . Considering the apparently high catalytic activity of the 72k-5ptase and its ubiquitous expression in the body, we decided to employ the same AS oligonucleotide employed in the hypothalamus (Bertelli et al. 2006) to study the metabolic effects of whole-body knockdown of this 5ptase in rodents. The distribution of the 72k-5ptase in different tissues of the body has been evaluated in at least two previous studies (Kisseleva et al. 2000 , Kong et al. 2000 , which showed high expression in the brain, heart, skeletal muscle, kidney, pancreas, and testis. Here, we expanded these studies showing that, in addition to most of the previously reported sites of high 72k-5ptase expression, the white adipose tissue also expresses this enzyme in levels similar to those seen in the kidney.
As the skeletal muscle and the white adipose tissue are the most important targets for insulin action for the control of glucose uptake, we focused the remainder of the experiments in these two tissues. As previously shown in the hypothalamus (Bertelli et al. 2006) , in both skeletal muscle and in white adipose tissue, insulin is capable of acutely inducing the tyrosine phosphorylation of 72k-5ptase. This is rapidly followed by its binding to the p110 subunit of PI3K. It is believed that the tyrosine phosphorylation and targeting to PI3K is important for the catalytic activation and subcellular localization of 72k-5ptase (Bertelli et al. 2006) , although this is yet to be confirmed. As in the hypothalamus (Bertelli et al. 2006) , the use of an AS oligonucleotide targeting 72k-5ptase was capable of significantly reducing the expression of the enzyme in skeletal muscle and white adipose tissue. The reduction in the amount of 72k-5ptase protein was followed by a reduction in the catalytic activity of the enzyme.
Next, we evaluated the expression of 72k-5ptase in three distinct animal models of obesity. We selected two models of obesity induced by HF diet and a genetic model lacking leptin, the ob/ob mouse. In all three models, the expression of 72k-5ptase was significantly increased in both skeletal muscle and white adipose tissue. Interestingly, a number of studies have shown that PTP1B, a tyrosine phosphatase known to exert an important regulatory role in insulin and leptin signaling, is increased in obesity, and this increased expression is thought to be one of the main mechanisms connecting increased adiposity to insulin and leptin resistance (Bence et al. 2006 , Picardi et al. 2008 . Thus, we suspect that the increased expression of 72k-5ptase in obesity is yet another mechanism promoting resistance to insulin and leptin.
The potential role of the increased expression of 72k-5ptase in obesity-associated insulin resistance was further evidenced by the fact that knocking down the expression of the enzyme in obese rats was sufficient for improving glucose homeostasis, as measured by the GTT and the clamp, and also for improving insulin signal transduction in both muscle and fat. All these effects were independent of the reduction in food intake, as they were maintained when compared with obese pair-fed rats. At this point, we cannot exclude the potential role of reducing brain expression of 72k-5ptase as a mechanism involved in the systemic metabolic outcomes reported herein; however, as one of the main consequences of the hypothalamic activity of 72k-5ptase is the control of food intake, the pair-feeding experiments provide an important control. Importantly, knocking down 72k-5ptase produced no changes in the expressions of a number of proteins of the insulin signal transduction pathway (Taniguchi et al. 2006) . In addition, the reduction of 72k-5ptase expression did not affect fasting glucose levels, which is an important fact considering the potentiality of this enzyme as a target for the treatment of diabetes. Although we have not focused herein on this question, the low levels of 72k-5ptase expression in the liver may account, at least in part, for this outcome. It is possible that other 5ptases, such as SHIP2, SKIP, or synaptojanins (McPherson et al. 1996 , Ijuin et al. 2000 , Ooms et al. 2009 ), play a role in the control of the hepatic activity of insulin.
The evaluation of important steps of insulin signal transduction in muscle and adipose tissue revealed that knocking down 72k-5ptase improved signaling through Akt and FOXO1, only, but not through ERK. As insulininduced ERK activation occurs predominantly through the Shc/Grb pathway , and is mostly related to the control of cell growth (Boulton et al. 1991) , we believe this provides evidence for the pathway specificity of the AS approach and shows that the beneficial effect of reducing the expression of 72k-5ptase in obesity is potentially due to its action in improving PI3K/Akt signal transduction.
This study provides further advance in the understanding of the complex and redundant mechanisms that control metabolic signal transduced through the PI3K system. In addition, we place 72k-5ptase as a potential target for the treatment of diabetes and obesity, showing that, in addition to the previously reported effect on food intake, reducing the activity of this enzyme can act directly by enhancing insulin signal transduction in peripheral tissues.
